Molecular modeling of p-chlorophenoxyacetic acid binding to the CLC-0 channel.
Molecular simulation techniques were applied to predict the interaction of the CLC-0 Cl(-) channel and the channel-blocking molecule p-chlorophenoxyacetic acid (CPA). A three-dimensional model of the CLC-0 channel was constructed on the basis of the homology with the bacterial Cl(-) channel StCLC, the structure of which has been solved by X-ray crystallography. Docking of the CPA molecule was obtained by using a geometric recognition algorithm, yielding 5000 possible conformations. By restraining the simulation to those conformations in which CPA is near the intracellular mouth of the channel, the CPA-protein complex models were reduced to three sets of conformations, which are interconvertible within 2 ns when molecular dynamics is applied to the system. Point mutations of CLC-0 at three different positions predicted to interact with CPA in these configurations did, however, not greatly alter CPA inhibition, suggesting a deeper final binding location. In the model, binding of CPA to a more internal position in the ionic pathway was obtained by applying a constant force vector to CPA, pushing it toward the center of the channel. This technique allowed us to outline the possible intrachannel pathway of CPA and to describe qualitatively the binding sites and energy barriers of this pathway. The consistency of the obtained models and the experimental data indicates that the CLC-0-CPA complex model is reasonable and can be used in further biological studies, such as rational design of blocking agents of and mutagenesis of CLC Cl(-) channels.